ABSTRACT
INTRODUCTION
obtained from MRM mode were used to make calibration curves by using least-squares 234 regression with all the values of R 2 greater than 0.99. To verify the accuracy of the sample 235 preparation procedure, recovering was determined by calculating the percent recovery of known 236 amounts of lignan standards added to serum from mouse fed basal diet. Serum was spiked with 237 10 μl of 5 μg/ml of lignan standard mixture (SECO, ED and EL) and hydrolyzed and extracted 238 the same way as unspiked samples. The average recovery rate was over 99%.
240
Hepatic cholesterol and fatty acid profiles 241 Total cholesterol and free fatty acids (FFAs) were sequentially extracted from snap frozen 242 liver samples (n=12/group). Briefly, pre-weighed liver samples were homogenized in 15 ml 243 methanol using a PowerGene 125 homogenizer (Fisher scientific, Ottawa, Canada) and 244 incubated at 55°C for 15 min. Total lipid was extracted using 15 ml of hexane/chloroform (4:1 245 v/v) for 15 min, 4 ml of 0.89 % NaCl/water (w/v) was added and the samples vortexed. After 246 centrifugation (1500 rpm for 15 min), the supernatant was collected, 5 ml hexane added and 247 centrifuged again. The top layer was collected, dried under nitrogen gas, saponified using 3 ml 248 of methanol/100 mM KOH solution (94:6 v/v) , and heated at 95°C for 2 hr. After adding 1 ml of 249 double-distilled water and 3 ml hexane, samples were shaken and centrifuged.
250
The top layer was collected, dried, reconstituted in 2 ml hexane and used for cholesterol 251 analysis by GC (Agilent 6890, Hewlett-Packard, USA). To each 150 µl of sample, 25 µl of 2 252 mg/ml 5α-cholestane was added as internal standard. The GC was equipped with capillary flow 253 technology, enabling the detection by both a flame ionization detector (FID) and an electron 254 impact MS detector. Peaks were identified by comparison of their mass spectra with a National
255
Institute of Standards and Technology (NIST) database. Cholesterol separations were conducted using a HP-5MS column (30 m X 0.25 mm ID, 0.25 µm coating) with constant flow of 1 ml/min.
257
Corrected areas obtained from the FID signal were normalized to the signal for the internal 258 standard 5α-cholestane and converted to amount of cholesterol per sample.
259
The bottom layer was acidified to pH 1.0-1.5 and FFA extraction achieved with 4 ml 260 hexane, shaking and centrifugation. The top layer was collected, dried, methylated into fatty 261 acid methyl esters (FAMES) using 3 ml of methanolic-HCl at 95°C for 1 hr, and 1 ml 0.89 % 262 NaCl/water (w/v) and 4 ml hexane were added and vortexed. The top layer was collected, dried 
Histological and Immunohistochemical Analyses

270
For histological evaluation, formalin-fixed distal colon segments were paraffin embedded 271 and 5 μm sections were stained with haematoxylin and eosin and evaluated in a blind manner by 272 a veterinary pathologist (Dr. Geoffrey Wood) using an Olympus BX41 light microscope 273 (Olympus America, Melville, NY). Histological scoring was based on inflammation and crypt 274 dilation. Inflammation severity was graded from 0 (no inflammation) to 3 (severe inflammation 275 with erosions or ulcers), and crypt dilation was graded from 0 to 3, where grade 0 was intact 276 crypts, grade 1 was 20% to 50%, grade 2 was 50%-90% and grade 3 was almost all crypts 277 dilated. The average of the inflammation and crypt dilation scores was used as the total histology 278 score. Danvers, MA) for 30 min in a humidified chamber, followed by liquid DAB+ substrate 291 chromogen system (Dako, Burlington, Canada) for 3.5 min. Sections were counterstained with 292 haematoxylin, dehydrated, and coverslipped using Permount (Fisher Scientific, Ottawa, Canada).
293
Negative control sections were treated the same as above, except primary antibody was replaced 294 with antibody diluent. Sections were viewed blindly (400X magnification) using a BX51 295 microscope (Olympus America, Melville, NY) equipped with an Olympus DP72 Digital Camera
296
System. The number of positive cells (brown staining) within crypts were counted throughout the 297 colon length (measured using Olympus DP72 imaging), which was further divided into the 298 proximal and mid-distal colon sections, and expressed as number of positive cells/mm colon.
299
Snap frozen distal colon samples were homogenized (Powerlyser; Mo Bio Laboratories,
302
Carlsbad, CA) in tubes containing lysis buffer and 5x2.8 mm ceramic beads at 3500 rpm for 20 303 sec. The lysis buffer contained 200 mM NaCl, 500 mM EDTA, 10mM Trisma HCl, 10% 304 glycerin, 28µg/ml aprotinin, 1 µg/ml leupeptin and 1mM phenylmethylsulfonyl fluoride. Walkersville, MD).
FS diet increases colonic and systemic biomarkers of DSS-induced injury and inflammation
443
Apoptosis
444
To further determine the extent to which dietary FS exacerbates DSS-induced mucosal 445 injury, the level of epithelial apoptosis was quantified within colon Swiss-roll sections by IL-17 and TNFα were not significantly affected by DSS or FS+DSS treatment (data not shown).
As a key mediator of inflammation, the colonic expression of 84 genes involved in NF-κB 465 signalling pathway were compared between the DSS and FS+DSS groups. As shown in Table 6 , 466 FS up-regulated the expression of 7 genes in the NF-κB signalling pathway array, including 
DISCUSSION
486
The objective of this study was to determine if dietary FS, and its purified hull and kernel 487 seed components, could attenuate the severity of DSS-induced colonic mucosal injury and inflammation in mice. FS is an oilseed rich in fermentable fiber, phenolic compounds, and n3-489 PUFA ALA; dietary components with demonstrated anti-inflammatory bioactivities in animal 490 models of colitis (39, 65, 69, 93, 98) . Further, FS consumption has previously been associated 491 with reducing colon carcinogenesis (6, 7, 45, 67, 84) and exhibiting potent anti-inflammatory 492 effects in animal models of injury-induced pulmonary disease (17, 55), however, its role as an 493 anti-inflammatory mediator in the colon had not been studied.
494
Collectively our results show that DSS exposure in male C57Bl/6 mice resulted in (Table 4) , mammalian lignans EL and ED (Table 3) , and SCFAs (Figure 1) ), this was not 509 associated with anti-inflammatory effects in DSS-exposed mice. In fact, the 10% FS diet, which 510 contained the highest levels of n3-PUFA and soluble fiber, exacerbated colitis severity. Since the water and diet intake did not differ between groups (Table 5) through the inhibition of histone deacetylase activity (36, 56, 78) . It is thus unlikely that SCFAs 529 would exacerbate colitis severity in our DSS-exposed mice.
530
On the other hand, since FS diet enhanced SCFA concentrations, cecum weight, and 531 mammalian lignan production, indicative of increased microbial activity, we hypothesized that 532 FS diet may have also modulated the intestinal microbiota; an effect caused by consumption of 533 other prebiotics (3, 95) . It is well known that the colonic microbiota plays an important role in colitis severity in a number of animal models (10, 35, 52, 75) , and thus a FS-induced modulation 535 of the microbiota may have led to enhanced colitis severity in our DSS-exposed mice. In this 536 study, the fecal microbial load was not affected following FS diet consumption (Figure 6 ),
537
suggesting that an increase in total colonic bacteria was not involved in the adverse effects of FS.
538
Further examination of the fecal microbiota using a metagenomic approach is still required to 539 determine if the FS diet induced changes to the intestinal microbiota profile. susceptibility to oxidative stress, induce apoptosis, and impede cell signalling pathways 549 necessary for colonocyte repair (13, 28, 46, 66, 91 ). In our current study, mice consuming FS-550 based diets had increased hepatic n3-PUFAs, including ALA, EPA, and DHA (Table 4) .
551
Furthermore, apoptosis was significantly increased throughout the colon of FS-fed mice ( Figure   552 4), which may thus be mediated through the n3-PUFAs. While all FS-based diets increased 553 hepatic n-3 PUFAs, mice consuming the 10% FS diet ingested a higher level of ALA (Table 1) 554 and had the lowest hepatic n6:n3 (Table 4) , which may have contributed to the enhanced colitis 555 severity in this group (Figure 3 ). In addition, synergist effects of combined FS bioactives within 556 10% FS diet may have contributed to the enhanced colitis severity in this group. In this regard, colonocyte apoptosis by activation of mitochondrial apoptotic pathways, suggesting that 559 combined food bioactives may have a stronger effect than individual bioactives alone (53).
560
While the pro-apoptotic effects of n3-PUFAs is one of the major mechanisms involved in their 561 anti-cancer effects (28), it can potentially impair wound healing and exacerbate mucosal damage 562 in DSS-exposed colons (2, 44, 97).
563
In addition to having direct effects on the colon tissue, consumption of FS diet was also In conclusion, for the first time we have shown that consumption of a FS-supplemented 576 diet, prior to and during DSS exposure, exacerbates colonic mucosal injury and inflammation in 577 mice. The amount of ground FS supplemented into mouse diets in the current study (10%) has 578 previously demonstrated anti-inflammatory (16), anti-cancer (6, 14, 73), and cardio-protective 579 effects (5), and thus, in addition to the lack of effects on DI and BW in our current study ( The relevance of these findings to colitis in humans and its associated diseases cannot be 
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